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PAPERS AND DISCUSSIONS. 

------------

The lnstitution is not responsible, as a body, for th e facts and opinions adva nced 
in any of its publ ica tions. 

PH.ESIDENTIAL ADDRESS. 
(BY E. S. HU?I1F.) 

Allow me to thank you for the gr at honor yon have bestowed 
on me by electing me P rr·sident of the Institution. At the 
same time, I fully reali se that had not Mr. \V. C. R eynoldson 
decided to t ake up farming and reside <'lt too grea t a distance 
from I-er th to look after i.he duties connected with that ofiice, 
he would have been your President, and not I , and you would, 
no doubt, have been the gainers. H owever, as uch is not 
possible, with your assist ance I will endeavor t o do all in my 
power t0 advance t he interest s of this Institution. 

In framing the address which is expected from the President 
at the opening of the yearly se sion , and following the usual 
character of the addresses submitted by the previous presid ents 
on such occasions, it has occurred to me that it would be interesting 
to place on record the advance that has been made in conn ection 
with locomotives and rolling stock in this State since the intro­
duction of railways, and to touch on other points related thereto . 

LOCOMOTIVES. 

The first account we ha ve of a railwav in \Vest ern Australia 
is that of a line constructed to t he Darling' l(ange from the coast, 
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a f w m iles north of Busselton, in r87r. That line ca rried t he 
fi rst locomo tive brought into t his St at e, t he engine being four­
\'/he 1 coupled, wit.h a. tende r , and it was appropriately named 
"B:-tllarat," from t he Victori an town of tha t name, where it was 
ma nufactured by the Phoe nix Fonndry o . As the haulage 
po wer of t.his loco motive is not known to m e, I am un a bl to 
cont rast it with t hos u ell on Governm n t li nes to- lay, par­
ticulars of wh ich ar given in appended tahle. T he first loco­
m t ives used on Gov rnment li nes were t he olrl. class '' I[" Nos. 
-3 and 2-J-, wh ich w r bnil t in Great B ri tain in 1875 a nd taken 
over by the Governm n t from the contractor who constructed 
th line from Geraldton to Northamp ton , which was completed 
in I< 79· The engines work cl in that d istrict for a cow;iderable 
number uf years, and after doing s .rvice el ewhere were 0ld by 
t he Gov .rnm -nt and a r still at work on line connectc 1 with 
two t imber propositions in t he Sou th-We· t. Wh n the li ne from 
Frema ntl to Guildfor l was c mpleted in r88r, t he locomotive 
first int. roduc d were of small capacity as compared with ~h 
modern type now in use_ Cc>111 pare, for instance, t he t ractive 
pow r of the class " -A" engin s (which at on , ti1n ran the 
mail t ra in.) of 7,200 lbs. with the t ractive force of r6,r56 lb . 
ex rtf'd by the present-day expre s locomotives. 

In Table To. r, i t will be een t hat the range of t ractive 
povver is very xt<'n ivP, varying from 3,780 lbs. of the pigmy 
" 1l " class (which is sti ll ui table for work on jetties vhos 
t ructures will onl y carry a light load) to t he 23.-f..J-5 lb . of t. h 

cla s "F. " heavy aoocls locomotive, working with snperh ated 
steam, which req ui res a 6o- lh . ra il a nd proportionately st rong 
b ri dg s to carry i t. 86 ton w ight in working t rim. 

T he tabl . doe: not include t wo locomoti ves of t he dou ble 
" Fa irli " type which w re used on the ra ilways. T h . elate 
th were p laced on t raffic i not defi ni tely known , b ut th 1r li fe 
a rail way t ractor wa hort. This type of locomoti ve had 
t wo boil ers, t he engines h ing carried on separate bog1es at 
<' ither end of t he main fram , . o t hat it c:o ulcl run with equal 
faci li ty in ither d irec tion . H ow v r , th y wer not a ucce s. 
On' w::~ . cu t in to two pa rts, a nd the half engine worked a a 
shu n ting locumotiv fo r om y ar before heing old to a timber 
company. It app ars in T a ble r as old "F" cl a. s. 

The latest typ of loco moti v in t rod uced into An tra lia i 
t he "Garratt," of which examples a re running in t hi ._.tate and 
in Ta mani a . Th nse of t hi s type ha renrlercd it po ible to 
hau l a. much on tracks la id wi t h -1-5-lb . ra il as wi t h locomotivf' 
of th co nvention::tl type on t h 6o-lh. ra il s . The tract ive power 
of the two ty p s, non-sup rheatcd, is : class "F" (heaviest 
ord inary locomotive) 20 ,525 lbs., class" l\·1 "(Garra t t type) 2 1 ,030 
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lbs. In addition, the latter machine, not having a tender , can go 
and brin g in a full load where no provision in the shape of a 
t riangle or turntable has been made. I n the case of the ordinary 
type, when running tender-first, the load has to be reduced on 
main line by 25 per cent., and the speed checked to a corresponding 
ext ent. 

The general increase in the tractive power of locomotives in 
use has naturally· been followed by a proportionate increase in 
the loads haul ed. To compare extremes : the Northampton 
engine would haul 82 tons up a I in 45 grade, as against 275 tons 
for the class " F." The average cost of working these engines 
has been found to be 12.64d. and 21.3d. per t rain mile respectively. 
At the old " l\'f " rate, therefore, the cost of hauling t he "F" 
class load would be no le s than 42-4d. per train mile. Noi only 
is the economical value of the larger engines shown in lessP.r 
actual cost, but by hei.ng enabled to haul larger loads a gr ater 
volum e of trafiic can be hauled along single tracks with fewer 
cross ing sidings. On comparatively level tracks, our heaviest 
goods locomoti ves now t ake a gross load behind the tend r of 
750 tons- -this on what is termed a "narrovv gauge" railway. 

By the use of superheated steam, a reducti on of 35 per cent. 
in the coal bill and 38 per cent. in the consumption of water is 
brought about. This result really brings our locomotives when 
using Colli e coal up to the same effici ency as the non-superheat ed 
work at when New South Wales coal is used. The cos t of boi ler 
repairs is correspondii1gly reduced by t he small er amonnt of 
waLr evaporated, and the engine repairs are lesse ned by t he 
reduction of back pre. sure clue to increased size of the exhaust 
nozzle. The larger nozzle is rendered possible by smaller con­
sumption per foot of grate area . 

No advantage has been found in this State with the compound 
type locomotive over that of the saturated steam simple loco­
motive of the same size. The cost per mile per roo tons hauling 
power works out as follows :-Simple engine, class "E " 6-4gd. ; 
compound engine, cl a s " Ec " 7 .54d. ; this cost includes repairs. 

Reviewing the locomotives as per Tabl e r, it will be seen 
that the fi rst locomotives introduced were of small capacity in 
accordance with the work that was required and the weight of 
rails. With the introduction from 1893 to r8g6 of the classes 
" K," " N " and " 0 " goods locomotives, much greater train 
loads were taken, which was made possible by the provision of a. 
heavier rail to carry the heavy locomotives. A further advance 
occurred in rgor-02 when the lighter express engine were super­
seded by the "E " and "Ec," and the heavy goods class " F " 
was also put on the road . The latest improvement has taken 
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place during rgrz-r3 by the adoption of the superheated system 
on class " F " and the introduction of the " K " class ( Garratt 
type)-both aturated steam and superheated. 

DEVICES FOR Eco, OMl CAL WORKING OF LOCOMOTIVES. 

Other devices which assist in economical locomotive working 
are exhaust inj ectors and hot water inj ectors, and improvements 
to exhaust nozzles. 

With reference to t he exhaust inj ector, comparative tests 
conducted under severe working conditions showed a saving of 
rz per cent. in coal consumption in favo r of t he exhaust instru­
ments as against t he ord inary type of inj ector. The be t results 
were obtained when working the fo rmer instruments on long runs. 
The exhau t inst ru ment. wil l not supersede the live st eam inj ector 
for all classes of work, but with one instru ment of this type on 
one side of t he locomotive, and an ordinary injector on the other 
side, economical results can be obtained. 

Hot water inj ectors have not been qui te so successful , although 
the fitt ing of ordinary inj ectors with hot water cones has given 
some improvement. We are now on the point of trying a system 
of feed water heating with p ump to take the place of the inj ec tor, 
and as the action of the pump is independent of t he temperature 
of the water it deals wit h, it is expected that further economy 
will be secured. 

Extensive experi ments were carried out wi th exhaust nozzles, 
and t hese have shown that the " Star " pattern as per d iagram 
is the most sui table and econom ical. 

W ATER SUPPLIES. 

Considerable d iffic ulties exist in working t raffic in this State 
owing to t he inferior quality of much of the water available­
which is common where the original fo rest has been removed or 
trees ring-barked . In certain districts, u nless the reservoirs 
ar fi ll ed by a t hunderstorm or heavy rain , the water , which 
t ri ckles slowly along, becomes highly impregnated with alkali ne 
chlorides. It i nece sary to t st the water which is running, 
and only all ow it to go in to the dam when tests show that the 
salts held in solu t ion are not above a cer tain figure. In some 
instances where t he salt areas have been located, it has been 
po. ible to divert water from such spots away from the clam, 
a nd only permit water to d rain in from t hat part of the watershed 
which is not contami nated. For example :-

Case (r) .--At Cranbrook, G.S.R, the water became very 
bad . On testi ng the area , the source of contamination wa 
located, and the bacl water diverted, as . hown on d rawi ng No 
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rg64- The quality of the water in the dam at once improved, 
and has remained comparatively good. 

Case (z).- At Wagin the water which used to be conserved 
when the watershed was virgin bush, in 1903 contained g.rz 
grains of alkaline chlorides and no magne ium chlorides. Analysis 
of water taken from the same dam on December 7, 1912 , indicated 
92 .6 grains of alkaline chlorides and 5-5 magnesium chloride . 
In this case the area of contamination was definitely located , but 
it was considered that the expense of providing a cement drain 
to carry the water through the salt patch was too great. By 
watching and testing the flow of the water in the creek after heavy 
rain, however, we have been enabled to recently secure a dam 
full of water carrying not more than 14 grain of salt per gallon. 

Case (3) .--When testing water along creeks flowing through 
ring-barked country at Yornaning in June, 1909, the results as 
per drawing No. r,q6:3 were obtained, showing that while the 
water from the virgin wooded country contained under 1 0 grains 
of salt per gallon, the water from the clear d country along the 
Hotham River was so salt a to bring the water in the pool up 
to ro6 grains in the river end, and by diffusion raise the salt in 
the leg of the pool (which r ceived the better water) to 65.5 grains. 

There are · further examples where, through land being 
cleared, the waters of clams and pools have ceased to be made use 
of owing to their bad quali ty, viz. :-

Spencer' Brook . . . . . ro8 
Clackline . . . . . . . . . . . roo 
Northam . . . . . . . . . . . 6o 
Burlong Pool. . . . . . . . rso 

COAL. 

In comparison with the Eastern States, much difficulty is 
experienced here with the local coal. The standard calorific 
value of Collie coal is put down as ro,soo British thermal units, 
whereas the standard value of Newcastle (N .. W.) coal may be 
stated approximately at 14,050 R.T.U. , the latter thus having a 
greater laboratory value of practically 34 per cent. 

Unfortunately, our local pro, luct cannot be stored on account 
of its large percentage of moi ~:ture . The tendency to spark, 
especially during the summer months, when the evaporation is 
greatest, is a drawback. Owing to the lesser risk of fire from its 
use, Newcastle coal only is burned in the agricultural areas 
during the thr e harvest months. 'vVhen using Collie coal during 
the summer months the abrasion of the boiler tube is also much 
greater on accoun t of t he larger quantity of small coal being 
carried through . The l terioration of Newcastl coal by exposure 
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is comparatively nil, and it is therefore pos ible to store it during 
the slacker month at the various depots in anticipation of the 
increased demand in the ummer time. By this mean., engines 
which would be engaged hauling coal in our busy months are 
more profitably engag d in m ting the public demand for quick 
transit of produc . 

Efforts are bejng made to improve the results ob tained from 
the local coal by the introduction of an a h and smoke consumer. 
An appliance of this de cription is now being fitted. 

R OL!.TNG STOCK. 

The length and width of carri ages running on the \\"est rn 
Austral ian Railways compare. favorably with those on the -1 ft. 
8~ in. and 5 ft. 3 in. lin . of the Ea.: tern State: . We w re the 
fi rst to in troduce clining car into the Commonwealth, ancl th y 
have h en running continuously between Perth an l Kalgoorli . 
since their fi rst adoption in farcll , 1905. 

Two hundred and sixty ca.n·iag s are fitted with dynam os for 
gen rating electri c light. The sys tem has proved very . ucces ful , 
and the annual cost of maintenance of the lectric light per car 
has been reduced fro m a maximum of £32 r 6s. per ar to £r4 
gs. zd ., the latter b ing the eo. t in 1913. 

As with locomotives, the earlier type. of carriages were 
small anLl of limited capacity. Com pare the " \I " four-\\·heeled 
car, having seating capacity fo r rR passengers, with the "AT " 
se on 1-class suburban car, seatin g go passeng rs, and the " Q " 
first-c las long di. tance corridor car ( atin capacity 33, slee ring 
capacity 22) . Di agrams of thes car. Nos. 16 , 30 and 25, ar 
app ncled , al o di agram No. 32 of "AV " dining car, which has 
provision for seating 24 diner , a well a_ kitchen accommo latiOrt. 

VA CUU M BRAKE . 

The continuous automatic brake is the tandarct for controlling 
trains in this State. All locomotives, carriage , and express 
brakevans hav been co mpl etely fitted. Of the total of 9,0..j.6 
oth r vehicle., 63 per cent. have be n fu ll y eq uipped with vacuum 
brakes, and the remainder with train pipe only, which p rmits 
the vacuum to be worked continuously the whole length of all 
trains. 

The vacuum brake gives practically no trouble, is ea. il y 
maintained, and its use and manipulation are readily lea rned 
by killed or unskilled employees. The cost of upkeep i .mall , 
and it has been neces ary to hold only few pare in stock . One 
es entia! feature is the obtaining of the be t qual ity of india­
rubber for hose connections, rubber rings, diaphragm , and 
piston rod bushes. 
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W'HEELS AND AXLES. 

The introduction of our present car and wagon standa rd 
a xle with a journal7t in. x 4 in. has enabled the carrying capacity 
of four-wheel stock to be increa ed by 28 per cent., and the bogie 
s tock by 33 p r cent., and the adoption of a heavi r axle with 
journal 8 in . x 4~- in. ha enabled larger bogie trucks to be put 
on the line with a nett carrying capacity up to 27 tons each. 

At the beginning of our railway life it was the tanda rd 
practice to key on the wheels of trucks and carriages, and al o 
to form a square shoulder behind the wheel bo against which 
the wheels were pressed on. (See drawing No. 2,492.) Thi s 
practice was responsible for a great numb r of axles failing 
immediately behind the boss of t he vvheel at the angle formed 
by should r and whe l eat. The pre ent practice is to form 
axles as per lra wing No. I, and to bore out the bos of the wheel 
until it r quires a pressure of g-n D tons to force the wheel on 
to the axle, D representing the diameter of the axle in inches 
at the wheel seat. 

IMPROVED Q ALITY OF MATERIA L. 

Advances made in the quali.ty of steel have been of great 
benefit in adding to the strength of parts which as originally 
designed were too weak . (This con lition is very often brought 
about by the desire of the designing engineer or maker to ge t as 
large a tractive power as possible without going beyond the 

weight limit per axle, which is 2 x W, W repre. enting the weight 
. IO 

of th rail per yard in pounds.) The tensile strength of steel 
used for say crank pin , axles, a nd pi ton rods wa 35-40 tons; 
that of nickel chrome s teel i so-ss tons. 

As an illustration : Our " N " class locomotives were con­
tinually br aking the driving crank pins . Formula shown on 
diagram Jo . r,8ro discloses their weakness, the factor of safety 
being 3.66, wherea. by the use of nickel chrome ste l the factor 
of .afety was brought up to s.6 and the fai lur put an end to. 

By t he use of hi gh- pe cl steel for turning tool and for other 
purpo s, it ha · been possible to do as much as seven times the 
a mount per machine a was the ea e fourteen years ago, and 
work can now be undertaken which could not hav been cl alt 
with by automatic a nd turret machines a t that period. 

EDU A TI ON OF APPRENTICES. 

Coupled with the alterations and improvements that have 
been brought about in the railway service, the education of 
workshop apprentices has not been overlooked. 
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In the yea r rgo8 tep were tak n to gjv the apprentices 
(numhering 103) in truction in class-room two mornings weekly 
before they entered the workshop , the apprentices being paid 
for t he time so spent. The subj ects were :-Elem ntary cla s : 
arithm etic, mensuration ; interm edi a te class : algebra, arith­
me tic, and more advanced mensurati n ; a lvanced clas, mech­
a nic , steam and the team engjnc, and drawing. The cla es 
were conduct cl wholly by railway officer. for the first year. I n 
r gOC), fifteen of the more advanced boys were ent to the Technical 

chool, t he majority being t aught by railway ofiiccrs. The sam 
division was observed in r gro and r gn , but during r grz t he 
whole of th teaching was transferred t o th e T echnical School 
authoriti es . The whole of the apprentices are now taught for 
the fi r t t hr e y ar. o f t heir term , while t hirteen of the n1or 
meritori ous are ·given advanced tuition in th eir fo urt l1 and fifth 
y a rs. J07 appr niiccs arc now receiving instruction. 

The best of t he lads so trained a rc bein g- u eel in t he Test 
Room, i.hc Drawing Orhcc, and on ot her important work , and the 
r sults obtained gjv cv ry indication that the expendi tu re ha,; 
been warrante l. Previous to this general eclu ation of ap­
prentic s, special lads were trained as Mechanical E nginee ri ng 
Cadets, but with on exception a ll th s youth . 1 ft t he . ervic 
to t ake up outsid e work. On account of the la rger number now 
being trained, some of them are beginning to realise that this is 
a large State, and t hat a good opportunities mu t b come avail­
able here a can b - obtained elsewhere, and they will benefit a 
well as the , tate when that fact is more generally known and 
recogni _ d. 

Two of the youths train ed as al ovc entered forth . course of 
engjne ring training at the University last year, one attend ing 
d uring the day and t he other a t t he C \ ' ning cla es . One of 
them ha ju t been appoin ted to instruct the mechani cal drawing 
:;tudents at the Technical 'chool evening class . , in addition to 
atten ling to his ordinary duties at the T est Room, Midl and 
Junction. The other i having his range of knowledge extenclecl 
at the tramw::ty repair shed and office . This is rendered possibl e 
since the Governmen t Railways D pa rtm nt took ov r that se rvi c 
and d ci l d to put down a new power house to supply curren t for 
the tramways and to th P erth City Council (for power a nd 
lighting) and to others who mav dcsir to us - th current out. ide 
the radius controlled by the Council. The new power hou will 
al . 0 supply the current for running the plant at the _lidl and 
Junction workshops. 
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INVE TIGATIO IS OF MI ROSTRUCTU RE IN CERTAI 
METAL AND ALLOY· . 

(BY PROFE SO R A. D. Ro .. ) 

Dunng the past f w year ther is perhaps no b ran h of the 
sci nee of metallurgy which has received more attention, a rou d 
great r and more wid pread in tere. t , a nd yield cl more valuabl 
re ults from special ised investigation than metall oaraphy. :\Ietal­
lography may be d fin cl as the tu ly of the int rnal structure 
of metal a nd alloys, and of its relation to their composit ion 
and ph, sical a nd m chanical proper ties . It i. a branch . o f 
physical h mistry a nd is intimat ly conn et d with crystallo­
araphy . R gard cl from the standpoin t of a cienc , metallo­
graphv formulate:. va rious th ori . .for the many pha s of 
structures existent in m ta l. and th ir a ll o s, and erve. to 
explain th somewhat complex cha nges which occur a. metal 
pas cs through lh c cvcral tagc of solicli fication or subsequ ' nt 
h at tr 'atmcnt , whi ch may or may not be accompanied by 
mechanical treatment. But, just a practical metallurgy may be 
lo ked upon a an art--the art of extracting metals from th ir ore 
on a succ ssful commercial ba i.-so practi calmetallography may 
be consider d as a n art also-the art of tr a tina the fin i hed 
metal in such a wav a. to make it reveal it intern al structure, 
and, furth er , of in-terpr ting its appearance as reveal d in a 
m icro copi examination so a to a rriv at a fairly accurate idea 
of it life hi to ry and fitn cs" for a ny particular engineering purpose. 

In practic , th cr for , m tall ography has b en fo und to be 
a va luallc a id to methods of proximate a naly i ·, ince by it a id 
man y p revalent ideas a: to the tructu re of mat. ri a ls have be n 
revolutioni eel . At th out. et, however , it must be con£ d 
that vvithou t the a id of th chem i t th metallographi st would 
very often be qu ite at a loss, because analysis detects certa in 
defi nite con tituents whi le the microscop i able only to locate 
th m. I<urth r , its fi Id of usefulne is trictly limi ted to the 
let ction of variations in the physical structu r , forth microscope 

can give no ind ication of th pre ence of ·om bin cl or di s lved 
impur ities u nle these give rise to diff r nccs of t ructure or 
coloration on u itable treatment. Very littl value can be 
attached to the stn.1 ture of pure metals, which may indeed b e 
highly crystall ine, but not evince the true crystal fo rm on account 
of mutual interference in t h growth of the crystal grains during 
ol icl ificati on . No more are cl finite chemical compound or solid 

solutions of one metal in another capable of being re. olv d 
m icroscopicall y, and no structure can b ob. rv l other tha n tha t 
due to cry talli . ation. It do not follow that the pre enc of 
the a lloying metal or m talloid may not a lte r the whol . trncture, 
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making it quite distinguishable from the pure metal, but simply 
that its separate con. tituents cannot be rendered visible. ~l[ost 
alloys are, however, of COlllparatively complex structure, ince, 
as olidification goes on, one constituent (usually a olid solution) 
separates or fr ezes out graduall y, leaving t he molten portion 
enriched in a second constituent which fina ll y solidifies in th e 
in terstices of the primary cry tallites in the fo rm of a en t ctic or 
solid ified mother liquor which ha the lowest melting point. (See 
P late I , fi g . r. ) The entectic is not a chemical compound, but 
is its lf a mixture of two con t ituents which may be chemical 
compounds, and the e in the normal condition are usually arranged 
in more or l ss parallel plates. 

Whilst there are everal sub-clivi ions of metallography 
dealing with mechanical characteri sti cs and t hermal treatment, 
I th ink that one of the most u. eful branches in the arts is probably 

· the pathological study which concern itself chiefl y with th 
diseases of metals, such as incorrect treatment or t he pr scnce 
of deleterious impurities. 1n most text -books on the subject of 
metallography one finds ample information regarding t he struc­
tures of iron and st eel and many other alloys whi ch have passed 
through normal or even ideal conditions. These present tandards 
for use ful comparison, but as a rule very li ttle i said on the 
sn hj ect of inferior metal and on the appearance under the micro­
scope of metal which has seriou inherent defect.. I therefore 
propose to consider, among other things in thi lecture, a few 
examples which have come under my notice of " something gone 
wrong" in metals- case. of defects which the chemi t would be 
unable to fathom but which are read il y di cernibl e by a very 
impl microscopic examination. 

The proper . el · et ion and preparation of a sample or s ction 
fo r microscopic examination is of the utmo t importance, es­
peciall y in the ea e of investigating the cause of a failur . \i\1her­
ever possibl e, the actual fracture should be carefully preserved 
to prevent th cliso-uishing influence of dirt and rust, and not 
only. houlcl cuts be taken from the metal at th poin t of fracture, 
but also at a hor t di stanc from it , for th sake of compari son . 
Th amples arc th en poli. heel until the surface is perfectly 
mooth and practi all y free from sc ratche . For t his purpo e a 

pol ishing machine is used , the rotatin g disc of which is covered 
with paper or cloth carrying the abrasive material. ~ uccesjvely 
fi ner grades are employed in the process, and, by always changing 
the cl ir ~ c ti on of polishing at each step, t he unaided eye can 
read il y discern when all th fo rmer scratches have been removed . 
The attrition hould never be o heavv as to make the surface 
fl ow by partially melting or to heat the metal up to such a t em­
perature as to bring abont struc tural change of the const ituent . 
The fi nal polishincr is usuall y accomp1.ished wet. by means of a 
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selvy t cloth moist ened with water carrying a small quanti ty of 
diamantine or levigat ed alumina powder in suspenjon. After 
carefully drying the specimen in alcohol or ether , one exam ines 
the specim en at this stage under a low power microscope to see 
whether it is perfectly polished and to all intents free from scratches 
and also to make out a ny irregulariti es in t h metal it elf . 

In some cases a m .tal or alloy treat ed in this way may be 
at once subj ected to micro. copic examination , but in the great 
majority of cases it is nee ssary to " d velop " the structure, or 
rather to differenti ate its various parts in some conveni ent way, 
such as by etching with a reagent which attacks the surface or 
discolors certain portions , leaving others bright and little aHected. 
Am9ng the mo. t useful etching li quids are the following :- (i) A 
satura te a!cohoJic olu t ion of picric ac id ; (ii ) ni tric acid , con­
e ntrated , liJute, or in soluti on in mixed alcohols with aceti( 

· a nhydride ; (iii ) am moni a, dil uted to r part with 3 of water ; 
(iv) fe rric chl oride , a syrupy solution being added to strong 
hydrochloric acid and then diluted ; (v) hydrochloric acid, con­
centrated and dilute. The necessit y for etch ing i also partly 
due to the occmT nee of a surface fl ow in the metal during p olish ­
ing. F low take. place to a great ext ent on soft sub. tances, and 
to an appreciahJ e, if small , extent on the surfaces of even t he 
hardest crystall ine subst ances. Beilby was the first to demon­
strate the exist ence on poli shed surfaces of a thin layer of flowed 
structureless materi al strongly resembling in its behaviour a 
highly viscous fluid . The "forced poli sh " prod uced by burnish­
ing i. due to the form ation of a deep layer of this fl owed materia). 
It. formation is well . hown on the surface of a hard m anganese 
t eel where poli hing soon partially fi ll s up any s ratche on the 

surface. The cratches are again in evid ence when the surface 
is etched with a one per cent. solu t ion of nitri c acid in alcohol. 

\"lhile the crystallisation of so lid componen ts from molten 
a lloys and of salts from solutions a re processes of e · ent ially 
similar nature, there is, as a rule, a noteworthy di ·~feren ce in the 
mann er of growth of th e crystal s. On deposition from a solution 
salts gener ally form more or less perfec t cry tal bounded by 
p lane face., and t he. e crystals grow in all direc ti ons . o th at they 
retain their original shape and proportion . Metal and a ll y , 
on the contrary, form first of all sm all crystalline nucl i which 
grow almost exclu ·ively in the direct ion of certain ax s giving 
ri se to elongated and much branched formations, the " crystal­
lites " or " crystal skeletons." Even under the most favorable 
conditions of cooling, there is littl growth of th cry tal faces, 
and th e fi nal forms frequent ly exhibi t highl y curved crystal faces . 
Arborescent or dendritic structures a re therefore common in 
met als and alloys. Lehm ann* has made a very compl et study 

* 0. Leh mann, Mole!.' tt la?j)hJ'Sik , vol. r, Leipsi g, 18ti8 . 
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of the growth of crystals . H e has shown that diffusion is greates t 
at the most sharply pointed angles of the crystal. Now, crystals 
can grow only in a supersaturated solution. As soon a the 
liqu id layer in contact with the crystal ceases to be supersaturated 
depo ition cea es, a n l the growth of the crystal can reco mmence 
only after diffusion has again increased the concentra tion of 
the adjoining layer. Con equently metallic crystalli t s develop 
axially, and continue to do so until progress is impeded by matter 
belonging to other crystallisation cen tres. The process of solidi­
ficat ion is thereafter a gradual filling up of the interaxial spaces. 
The final solid body is thus built up of polyhedra (see P late I , fi gs. 
4 a nd 5), one ori ginating from each centre of crystallisation, a nd 
as the orinetation of the axes of neigh boring crystallites varies 
in a chance mann r , the polyhedra vary in hape and siz . 

In the case of the crystalli sat ion of ·alts from aqueous 
solution, the size of the resultant crystals depends on the slow ness 
of the process . So in the case o [ metals, slow cooling results in 
t he formation of large crystals , an l rapid cooling gives maller 
crystals. This can be well shown by comparing the appearances 
of microphotographs of sand and chill casti ngs of the same 
materi al. (Se Plate I , fi gs . 2 and J .) Even after a metal has 
been ea t , it is in many ea es easil y po sible to completely change 
the crystalline st ructure by heating to a temperature far below 
the melting point of the material. Prolonged annealing of a 
metal at a moderately high temperature is thereafter apt to cause 
an undue growth of the cr~'stal s , and the metal may thus be 
seriously impaired in trength owing to the d velopment of a 
coarse st ructu re. 

The ei'fect of heat treatment on metals is of the very highest 
importance . Varying heat treatm ent, while it need not-and 
generally should not- affec t the chemical composition, wi ll as a 
rule materially a lter the mechan ical and other physical properties. 
Thus such alloys as definite iron -carbon all oys, copper-tin or 
copper-aluminium al loys, assume di ffe rent stable conditions 
according to the existing t emperature. If slowly cooled from 
near the m lting point to ordinary temperature they have a k nown 
stable constitution. But when a t a high t emperature the con­
s titution is totally d ifferent , t he pha. es th en present being stable 
at that temperature, but, in general, un table under ordina ry 
conditions. It is, however , possible to preserve the constitution 
which is s table at the high t emperature by cooling the metal 
und er proper conditions. If the hot metal is rapidly quenched 
in ice-cold water, the structure corresponding to the high tem­
perature is more or less " fixed " by the process, and the phases 
are said to be present in a metastable form . Equilibrium dia­
gram s, as th ey are called, have now been const ructed for a ll 
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important binary alloys, and these show the constituents present 
in any alloy in the series under varying condit ions of temperature. 

A 

c 
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The fi.gure shows part of the rather complex equilibrium 
diagram of the iron-carbon all oys. The percentage of carbon in 
the alloy is indicated by the figures along the bottom of the 
diagram, and the fig ures up the left-hand:ide indicate t empera­
tures . The curve ABC gives the temperature at which the 
various alloys become completely liquid, and curve ADBE gives 
the temperatures at which complete solidification is attained on 
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cooli ng. The other horizontal an l inclined lines repre ·ent 
change in the constitution of the solid alloys. The constituents 
present in the seven different compartments (I to VII) are as 
follows :-

I. 
n. 

Ill. 
IV. 
V. 

VI. 
VTI. 

Austenite 
Austenit -. 
Beta-iron 
Alpha-iron 
Alpha-iron 
Austcnite 
Cementit 

Liquid. 

Austenite. 
Austenite. 
Cementi te . 

Cementite. 
Liquid. 

Accordingly, an alloy containing ay 0.3 per cent . carbon will 
undergo everal changes in olicli fy ing and cooling slowly to 
ordinary tempera ture. Part of the melt will . olidify a t about 
I,500° C., a nd soon after soli dificati on will he complete, the 
whol e mas con isting of a ustenite- that is of a olid :olution 
of carbon in gamma iron. On cooling to 820° there i: a change 
in co nstit uti on and the metal now co nsis ts partly of beta-iron 
a nd par t ly of a ustenite. At 76 ° another chai1g takes plac -
the beta-iron alters to a lpha-iron a nd the steel beco mes magnet ic. 
F in ally, at ab.out 6<)0° or 6<)5°, the consti tuents are transform d 
into a mixture of alpha-iron and cementite (the carbide of iron). 
All the. e changes are marked by changes in mechanical and other 
prop -rties, for beta-iron is harder than gamma-iron o r alpha-iron , 
a nd alpha-iron alone xhibits characteristic magnetic properties. 

!'or c rta in pu rposes it may h ct esirable to have in a metal 
at rd ina ry temperature· omc con . tituent which is stable only 
at high temp rature . Thus, sine austenite i a ha rd onst itu nt 
it i. fr '!Uenty clesirahJe to have it present in a meta table con­
dition in cold stee l. This, as will b seen from the figure, is easily 
attaine 1 by quenching the metal at a temperature of about 900° C 
On the ot her hand, if it is uncl e. irabl to have this con tituent 
in a am ple of steel, and there i a pos ibility of its being pre el)t 
through the metal having been suddenly chilled in manufacture, 
we can readily r move it by heating th metal to redne . and 
slowly coo ling it back to room temperature. The austenite is 
th n d ompo e l and a mixture obta ined of alpha-iron and 
ca rhid of iron (cementite) . A s tudy of the equilibrium diagram 
of a ystcm of alloys accordingly ailorcL the information necessary 
for a rational application of h at treatment. It is to be r -
member d, bowever, that quenching i. never suffi ciently sudden 
as to be " ideal " in its power to fix or tereotype . tructure . 
In a ll practi cal cases there wi ll he a more or less apparent change 
toward:> the constitution wllich is stable at room temperatur . 
Thus no quenching wiJl in practice be sufftciently powerful to 
prev nt the lccompo. ition of austenite : a ste .l at ordinary 
t emperature can never be form ed of pure austenite. 
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The general method of inves tigating a failure in metal is 
to -subj ect t he materi al first t o chemical an alvsis to det ermine 
faults duf' to incorrect composition or segregation of impurities, 
then to mecha nical tests t o sho\v up defects arising from incorrect 
working of the materi al, and fi nally t o examine sections wi th t he 
microscope t o see if th m tal has been sub jected t o incorrect 
heat t re<'l.tment or t o fatigue. Each of t hese methods af[o rcls 
valuable evidence, bu t .it is only by drawing conclusions from 
the com bined results tha t we can hope t o get near t he true solut ion 
of the problem. -

Only rarely is deliberate fraud tried in the doctoring of 
defecti ve materi al, and in this case, even if the ft rst two methods 
ar insu fft cient , then t he microscope is of the u t most service. 
H eat treatment of a ea t-on test bar can be immerli ately detected, 
a nd such an unusual expedient as ea. t in g in <L p iece of another 
ma terial t o give betier results on testing is very eas ily fo und out . 
A rather rema rkable case o£ suclt deception came under my 
notice in conn ection vvith a co nsignment of Swedi h charcoal 
iron which gave a tonishingly good t en ile te. t s. \.nalysis showed 
nothing abnorm al as regards slag or carbon co nt nt, but a micro­
graph of a cross s ction at once revealed alternate piling of 
\•Vrough t iron and mild steel in the bar for rolling ! 

Yiany failures are to be ascribed to improper heat t reatm ent. 
A very interesting ea. e of failure, and one which might easily 
have been attended with highly disast rous results, was t he 
br aking of an express locomotive ax le on on of the cottish 
ra il way a few years ago . The design of the axle wa. doubtle 
fa ul ty, a nd, in additi on to its h aving been run con iderably 
over its normal distance, the ma teri al was in a condi t ion liable 
to succu mb to fa tigu . Pl at e I , ftg . 4, shows the met al- a 
medium carbon steel- t o hav b een left in a" raw " or overheated 
condi t ion , with the characteri stic latti ce tructur . Thi is 
decidedlv brittle and weak in ch aracter. H ad the metal been in 
proper form its appearance would have been somewhat similar 
to tha t shown in Plate I, fig . 6 . The acicular structure, as it i 
called, hould have been replaced by a fine-grained mix tur of 
alpha-iron and cementite. Pla te I, fi gs . 5 and 6, illustra t th e 
effect of a nn ealing a brittle motor-car axle. The metal was 
supplied as in fig. 5 and failed before r oo miles had been covered. 
The metal was in a weak and britt le condition due to improper 
cooling after forging. Annealing decompose l the hard p olygona 
grain s of austenite and left (as shown in fig . 6) a fin ely granula r 
mass of pearlite a nd white patches of cementite, the pearlite 
being the en tectoid mi xture of alpha-iron and carbide of iron. 

Plate II shows another not uncommon cause of failure 
produced by improper heat treatment. The ma terial was a steel 
containing about 2 .6 per cent. of ma nganese, a n l nomin ally 
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about ·7 per cent. of carbon. The metal had , however, been 
kept for a long time at a high t emperature in the process of anneal­
ing, with the result that the carbon in the urface layers had 
b een to a very considerable extent " burnt ou t " by the oxi i isin g 
action of the air. This a t once is evident from the marked 
change in structur of the material towards the lge of the 
cross-s ction . 

Segregation of certain constituents (often impurities) in 
metals is a common origin of fractures. It is in dealing with 
such case that a microscopic examination is of the greatest 
value, fo r a chemical analysis vvill afford only an average for a 
portion of the met al and will give no indica tion as to the evenness 
of cl i. tributi on of the con titu · nts thToughout the sample. 

The fatigue of metals is a very peculiar phenomenon , due to 
what is rroneously described as the effect of cry tall isation. 
As a matter of fact, a microscopic examin ation of fractured metal 
shows t hat the structure has not becom e coarser , that there is no 
real increase in the size of t he crystal grains, but that the brilliant 
facet · on the fractured surface are merely cleavage planes. In 
sh ort , fatigue of a meta l is nothing more nor les than the breaking 
down of the crystalline formation. If a piece of metal with a 
smooth poli heel surface is bent or str tchcd, a number of fine 
lin es make t heir appearance under the microscope, running 
parallel to each other over the area of a single grain, but generall y 
va ryin a in directi on from on grain to another. These lines are 
not cracks, but ridg s, and are known t echnicall y a "slip-bands." 
They are lue to the fact th at the regnlar orientation of the 
par ti cles in a crystal allows slipping of tlw particles to occur 
more readi ly in certain d irections than in others, giving ri se to 
"gliding-planes." The phenomenon is perfectly analogous to 
repeat ed fau lts or "step-fa ults" in geological trata. Thus by 
a rapid ri s of a lterna ting stresses which are well within the 
elast ic limit it is possible to speedi ly break down a metal b y 
causing the growth of a large number of slip bands in the crystal 
formation. These rapidly spread by exten ion along the cleavage 
planes of the crystal , following the line of least resistance, and, 
communicating themselve. from crystal to crystal in the same 
clir ~ cti on, make th e fractnrc eventually produced exhibi t a cri s 
of very large crystal faces. The cure for fatigue in metal is 
ther fore to check it early by an annealing at say 750° C. for ten 
to fifteen minute . But if th · crack has already comm need, 
annealing will only enh ance the fault by forming -oxide fi lms on 
th exposed urfaces of th e crack, thus emhrittling the t ructure. 

I have already referred to the effect of quenching at high 
temperatures in retaining in a metastable state at ordinary 
temperature. the beta and gamma types of iron which correspond 
to high temperatures in the met aL The addition of nickel, 
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mangan ese, chromium, and certain other elements has a similar 
effect , and the remarkable toughness of Harlfield's manganese 
steel (12 to I 3 per cent . manganese, and about I p~r cent. carbon) 
is to he ascribed to this ac tion. The author has found from 
magnetic t es ts that the addition of even 2 per cent. of manganese 
has a marked influence . When the proporti on is rais cl to 6 
per cen t . the mangan se prevents th gamma-iron undergoing 
transforma tion into alpha-iron on cooling the metal from a reel 
heat, anrl so the steel is practi~all y non-m agnetic. If, however, 
it be immersed in liquid air at a te mperature of I go0 below zero 
centigrade, the manganese is then una ble to overcome t.he greater 
tendency fo r a tran formation and the steel acquires magnetic 
prop rties. Plate III , fig . I, shows a 6.5 per cent. mangane e 
teel which has b n annealed at a temperature of about 50°. 

The chi f featu re is the interlac d structure of accicul ar or " ma r­
tensitic " constituents wh ich con i t of non-magnetic gamma-iron . 
The white groundmass is par tly the ma nganese-carbide with a ny 
free gamma-iron. Plate JII , fi g. 2, shows t he same pecimen 
after imm ersion in liquid air . A decided tran formation has 
taken place. The whit patches are almost compl 'tely freed 
alpha-iron (magnetic), whil e the main ground m a s is th e donble 
carbi de of mangane e and iron (Mn Fek C, with some partially 
decomposed martensitic needles. 

These notes will , I trust , l!elp to show that the micro copic 
examination of metals is a study of the highest importance to 
the engineer, insomuch a it afford s th e most valuable info rmation 
on t he alloying and thermal treatment of the mater ia ls which he 
has to employ . lt u ·e too in rleali ng 'Nith cases of fai lures is in­
valu able in giving hints towards that prevention which is better 
than cure. 
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FIG. 1. -St ee l contammg 4·9 % Mn, 
4·4 % C; showin!{ cementite crystal s 
and e ntectic. ( x roo) 

F IG. 2.-Copper 86. 6 %, manl!ane e 

FIG 3.-Same Cu-~ln-A I alloy. Sand cast 
( X 200) 

F IG. s .-Fractured motor-car axle. 
( X 400) 

4.8 %, aluminium 8.6 %- Ch ill ea L 

( X 2COj 

FIG 4.-Fractured locomot ive ax le. 
( X 150) 

FI G. 6.-Same metal annealed . 
( X 400) 
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:\I angane e Sted Rod ,ho\1 ing " burning out., or the cat bon b) prolonged 
anneal"'!: ala hi~h temf.lerature. ( x 300) 
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FIG. 1.-6.5% Manganese Stee l, a nnealed, 
showing marte ns itic structure. 

( X 250) 

FIG 2.-Sa me material after immersion 111 liquid 
air, showing transformation to alpha- iron. 

( X 250) 



THE NORTH-WEST HARBORS OF WESTERN 
A STRALIA. ':' 

(BY W. H. Yo ><G.) 
The State of \Ve:tern Australia, with its enormous area ancl 

extensive coast line, pos e ses a very great number of ha.rbors, 
all practically develop d and cont ro.11 ecl by the State Government. 
These harhors a re in every stage of development, from a first-cla ss 
harbor like F remantl , capable oi berthing any steamer pas ing 
through t he Suez Canal, clown to ports where the only accom· 
modation is a small boat jetty on the open beach. 

The hi . tory of many of these harbors i interesti ng reading 
from an engin eer 's point of vi ew. It would not, however, be 
possibl e to deal with more than on e or two, at most, of the major 
port · in the co urse of a single evening. J propose to-n ight to 
traverse t hat length of our coast line extending from Shark 's Bay 
to King Sou nd , and give as well as I am able the history of the 
growth of the various port which are growing up at in te rvals 
along t hat portion of t he coa t . 

In order to begin at th beginning of the subj ect it is necessary 
to briefl y outl in e the hjstory of that por tion of t he State. I would 
like to acknowledge my indebteclnes. in this regard to the Hon. 
A. 1~. Richardson , from whose in teresting book, " The Great 
Nor'-VVest ," I have drawn the materi als for the historical portion 
of this paper. 

'omewhere in the early seventies pastoralist took up count ry 
in the vicinity of Roebourne and found cl stations. The onl y 
means of comm uni cation for som years was by schooner witb 
Perth, and owing to the in efftciency of thi method there wa a 
very li ttle pro pect of development. For tunately, however , it 
was discovered that mother of p arl abounded on th re fs along 
the shore, and many of the station holders took up pearling , 
with great benefit financially. Eventuall y pearling developed 
into a separate industry, with Broome as its headquarters. 

F rom R oebourn e sett] ment ex tended nor th and south until 
t he whole of the country wa taken up. F urther assistance to 
set tlement has from t im to time been given by the di covery of 
gold at variou. pl aces, notably th e Kimberley ru . h of the earl y 
eighti es, and later the Marble Bar boom. As settlement increased 
the mean of transport were improved. First a small coa ting 
steamer was put on to run from Fremantle, drawing about twelve 
feet. 

The development of the wool export led to a ailing ship 
coming direct from E ngland to Condon for wool. This boat used 
to lie aground in shallow water and at low t id e the wool was 

*Fur pl:lns, see end of paper. 
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carted out on waggons and put aboard. F urther developments 
led to two E nglish companies instituting a join t fo rtnightly 
service between Singapore and Fremantle, calling en rmtte at a ll 
ports between Broome and F remantle. The Adelaide Company 
were also very early in the field, and have fo r many year · now 
main tain cl a monthly service from F remantle. 

Quite recently the State has placed a teamer in the t rade 
with the object of giving increased accommodation, lowering 
charges and generally assisting settlers in their a rduous work. 
This regular fortn ightly service was instituted in the early ninetie , 
corresponding with the beginni ng of the Coolgardie gold boom , 
whi ch gave such an impetus to every department of industry in 
t his Sta te. These boats had a lraft of 2 0 ft. and acco mmodation 
was provided or increased accordingly at each port . T hi work 
entailed a large expenditure at each port that is comparatively 
la rge. 

H aving now dealt brie fl y with the history generally of 
sett lement and development, I will now proceed to give a detai led 
account of each port from a harbor engineer's poin t of view. 

CARNARVON . 
RA NGE OF TTDES : Springs 5 ft. , Neaps 2 ft. 
The first boats to t rade up this coast from Fremantle were 

small schooners. Sufficient harbor accommodation fo r these 
craft was provided by the mouth of the Gascoyne River, and at 
a point where deep water occurred close to a high bank 
it was found possible to land goods round this poin t , and 
thus the first beginnings of a town arose . As business in­
creased a small wha rf wa constructed and goods shed erected. 
Vested interests now arose round t his point and the subsequent 
development of the harbor has been materially affec ted t hC:' reby. 
A second stage was reached when a small steamer was placed in 
th is t rade . For this boat a jetty was required giving a depth of 
I 2 ft. at low water. A jetty was erected running out to the 
two fathom line at Teggs Channel. The weakness of thi s scheme 
lay in the fact t hat owing to its position it did not lencl itself to 
a n ext ension into d ep water. La ter developments brought a 
fleet of steamers on the coast drawing r6 and r8 ft. of water. 
To accommodate these search was made for a jetty giving prospects 
of further extension . A good site giving the necessary depth 
fairly close to shore, also giving prospects of an easy extension 
later on to 30 ft ., was located at Pelican Hill . As, however, the 
site wa 20 miles north of Carnarvon, it was abandoned for a 
site nearer the town. This jetty , which is the one novv in use, was 
constructed in r897. It was constructed to strike the three 
fathom contour at its nearest point to the shore. To connect 
the jetty with the town it was necessary to build a tramline across 
Babbage I land, and a bridge across one of the arms of the Gas­
coyne River. 
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FUTURE DEVELOPMENT.- Should it become neces a ry at any 
future time to provid for boats of deeper draught , recourse will 
have to be had to either ex tending the jetty or deepening a ch,annel 
up to it. The distance from the end of the presen t jetty to the 
fi ve-fa thom contour lin i 3 mil es ; con equent ly, to provide for 
boats of deeper clraugh1' vvill be a matter of con iclerable expense. 

II ELTER.- Thi jet ty runs out into practicall y an open 
roaclstead, sheltered by i. lancls 30 miles away. The cli mate, 
however, is of such a mild character t hat the us of the jetty by 
teamers is rarely interfered with. 

GE NERALLY.-Carn arvon is not well situat ed as a harbor. 
The whole neighborhoocl consists of light alluvial deposit. Bab­
bag Isla nd , ac ros which lhe t ramline run:, is particul arly so. 
Th town is situated on the outer curve of a bend in the ri ver , 
a nd in consequ ence is in constant clanger from the rosion and 
un l rmining of the banks. 

0 SLOW. 

R <\i'\ GE OF T11 ES : Springs 8 ft., Ncaps 4ft . 
T he town of Onslow is situated abou t -+ miles from the 

mout h of t h A hburton Ri ver . The location was d ciclecl , as at 
arn arvo n, by a suitable bank on the other ide of the river, to 

enable schooner. to ber th . Later on a wh arf was constructed and 
goods shed erected in it vicini ty, and coastal lighters were 
put on to carry goods and pa sengers ashore. Thi condition of 
aHairs is still obtaining. For so me years the .ligh ters continued 
to u. e t he old wharf up th river ; but as the river is tidal, a great 
cl a l of delay was caus cl a t low wat r. To obvi ate thi . in ­
conveni nee a li hter jetty was erect · cl . Thi jetty i. r ,r zo ft . 
long and extencl ·d into 8ft. of water. tea mers anchor at pr ent 
about a mile from the end of t he j tty , to which all goods and 
pa sengers are conveyed by lighter. As may be readily under­
stood , this process is tediou , inconveni en t and expeni ve; and 
th progre s of the port and district are hampered considerably . 
A good deal of anxiety i in con. equence manife tecl by tho e 
in ter ·tecl in the di trict to ee the jetty extended to the 3-fathom 
contour. A. thi would en tail con tructi on of a jet ty a mil 
long, and main taining sam , t he grea t expenditur nee s ary 
has milita ted so far against any thing being cl one. The t hr e­
fa thom line approach s nearer the shore to th e west of the mouth 
of the river, but there are several drawbacks to the con truction 
of a jet ty there, uch as lack of shelter for . mall craft during 
wmtry w ather, in ecurity of approach, and t he necessity for 
b uilling a new approach acro. the ri ver and the island . In 
addit ion to t he main en t rance to the ri ver there is a mall channel 
connecting with the sea. It is probable that the mouth of the 
ri ver wa situated at t hi poin t at one ti me,and that the land i 
gra luall y growing seaward owing part ly to depo its brought 
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down by the river, but more, I think, to and cast up by the sea . 
There are many indications I think that tb e whole west ern face 
of this State is slowly advancing seawards. Indications of this 
fact are to be seen at more than one port on the wes t coas t. 
(The author here referr cl to instances of above at Bu selton , 
Bunbury (Estuary) , Mandurah (Estuary), C::trna rvon up to 
Minilya, and Onslow.) 

DEVELOPMEl\T TO 30 FT. - It may seem premature in the 
case of this port to look so far ahead, but indications in this 
regard are decidedly unfavorable, as the five-fathom contour is 
about 4 miles from the shore at i ts nearest point <1;pproachable 
from t he sea. The d rawbacks to this port from a ha.rbor en­
gin er 's point of view are rnany, and a movement is afoot to 
search th coas t line in the vicini ty for a ite where more favorable 
condit ions occur . · 

, HELTER.- T hi s is practically an open roaclstea l, but during 
t l1e mild weather experi enced during a great part of th · year 
no inconveni ence is experienced. During hurri cane weather, 
however, a s teamer caught in the vicinity of Onslow would be in 
great clanger owin g to the network of reef and . mall islands 
wh ich prevail along th coast line. 

TRAMWAY.- A two-foot gauge tramway drawn by horses 
operates between the jetty and the town, a distance of about 
4 mi les . 

COSSACK. 

RA NG E OF TtoEs : Spring rR ft., Neaps 12 ft. 
It was at the port of Co. ack that t he settlement of the 

North-We ·t wa: begun. The conditions of landing a t uch a 
port in the early clay. must have been full of alm o t insup rable 
di f-ficulti es . Owing to the great range of t ide (18 ft.) hi gh-water 
mark is t hree miles away from low-water mark. If a landing 
b made at hi gh water mark it can only be approach cl at high 
water springs and then only for a few hour at a time. The 
port was fixed at Cos ack after trying several other landings. 
There is a re k called Butcher Inl et, which afford . goo I shelter 
and su fficient water to float a fair- ized chooner at hi o·h water 
n aps. Cossack, however, is only an island at high water and 
two costly embankments each over a mil long have had to be 
constructed to connect it with the mainland, one for a road and 
the other for a tramway. No fresh water was obtainable at 
Cossack, and the site for the main township was fixed at the 
nearest fresh water, which consisted of a large fresh water pool 
on t he Harding River, about eight miles from ossack. Here 
t he township of Roebourne was built, and for many years it was 
t he principal town north of Geraldton. In 1882 a 2 ft. gauge 
tramline 8 miles long was constructed · between Cossac k and 
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Roebourne, and was worked by horses up ti ll qui te recently . 
The harbor at Butcher Inlet was un able t o accommodate steamers 
and as the cost of dredging it out would be very considerable, 
noth ing was done in th a t direction . The steamers anchored off 
J arm an Island , and passenger and cargo were lightered ashore. 
Thi s arrangement was, of course, most unsati sfactory, and in 
r 8g.5 Com ma nder Dawson pointed ou t t hat there was a site for 
a steamer jetty a t Point Sampson. Owing partly to opposit ion 
on t he part of t he inh abitan ts of Cossack, the jetty was not 
built t ill 1 904, and remained without t ramway communi cati on 
wit h the mainland until r go8. The Poin t Sampson jetty is open 
t o t he nor th-east, and t he late Mr. C. Y . O'Connor was appre­
hensive lest the jetty should be washed avvay by a cyclone, as 
violent gale so meti mes occur in th is di s t ri ct. To make the jetty 
safer i t was built wit h a deck level of ·r s ft . above high water. 
As there is r 8 ft. of tide here the jetty is 33 ft . above wa ter at 
low t ide. As may be im agined , t he appearance is somewhat in 
the nat ure of a t ower. J etty work from this point nor thward 
is very expensive, as pi les 70 ft. long a re required : a very ex­
pensive length both t o purchase and freight. Al so in these 
northern waters the teredo is very much more active t ha n further 
south. Consequently, piles are sheathed with muntz metaJ 
from just below high wat er to 2 H. into t he ground. All nails 
and bolts passing through this sheathing · must likewise be of 
muntz met al , otherwise a galvani c acti on would set up, causing 
excessive metallic corrosion . Considerable diffi cult y was ex­
perienced in locat ing a tram li ne from Poin t Sampson jetty to t he 
mainland. Poin t Sampson , li ke Cossack , is an island at high 
wat er , and the tramli ne does not get free from tid al waters until 
it has gone ix miles from the jetty . Attached plan (No . r) 
show · the first route adopted for the tramline, and a subsequent 
deviat ion put in about two years ago . 

From P oint Sarnpson to Roebourne . a dist ance of 1 2 miles. 
communication is maintained by a 2 ft. gauge t ramway operated 
bv two steam locomotives. There is no fresh wat er to be obtained 
a i· Point ampson , nor between P oin t Sampson and R oebourne. 
Consequently it is ve ry un li kely that there will ever be a township 
at P oint 'ampson . 

F uTURE D EVELOPMENT.- This ite does no t l nd i tself to 
future developm ent, as t he five-fat hom contour li ne is a mile and 
a half out in t he open sea. To ge t a depth of 24 ft. would require 
an extension of t hree-quarters of a mile. 

PORT HEDLAND. 

This is a land-locked harbor, which has a jetty 760 ft. long , 
having one berth giving 20 ft. at low wat er springs, connected to 
3 ft. 6 in . gauge rail way line running 1 2 0 miles inland to Marbl e 
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Bar. Thi harbor has no early history, speaking in the sense in 
which we have dealt with harbor further south. It first came 
into exi tence owing to the development of th Marble Bar 
goldfidcls. When the e goldfield. originated their fi rst port was 
Cossack; la ter the goods were transhippe l at Cos ack and 
Jightcrecl to Condon , from whence they were carried inl and to 
Marbl Bar. About 1897, how vcr, a mall jetty wa constructed 
at Port H eclland, giving one berth of r 8 ft.; this was immediately 
made use of by the steamers trading on the coast, and Port 
H edland became the port of the Marble Bar goldfiel ls, and of the 
exten ive pastoral country which has opened up ince. Port 
Hedland as a harbor has many disadvantage : th firs t of these 
con ists of an outer bar. In order to nable steamer to ncgotiat 
this at low water mark a channel over three miles long would have 
to b dr dged, protected, and kept open. Owing to the great 
range of t ide here- 24 ft. at springs- the boats a rc abl to cross 
this bar at high tide during a period of about four clays fortnightly . 
As long as the import trade a t Port H edlan 1 amounts only to about 
150 ton. a week , it can easily be handled by the fortni ghtly 
servic running at present. hould, however, t he trade develop 
the d i. advantage of the outer bar will peedily make itself fe lt. 
Insid the harbor there i plenty of de p water ; the passage, 
how vcr, is narrow and to rt uous, and, owing to the trong current 
induced by the great range of tide, it is diffic ul t for navigation , 
and it is only on account of th great care exercised, and the local 
knowledge posses eel by t he m a t ers of the boats, that the cli ffi­
cultics a re a f ly overco m . The future of Port H eclland as a 
harbor is be t described by saying that it doe not lend it elf to 
l vclopment on a large scale. 

BROOME. 

This harbor is completely sheltered on the north-w st and 
we t, and is protected on the south-west by a shallow bank. 
During high water tide, however, there is su fficient water on this 
bank to enabl e a consid rable sea to get up in the harbor. The 
history of thi harbor i as fo llows :- The pearling boats fir t 
comm ne cl to u e a mall er ek towards th latter sev ntie , 
and a smal l Asiatic town prang up on the banks of the creek. 
A trade increased and a je tty became necessary, inve tigations 
w re made as to the bes t position, and eventuall y a j tty was 
con tructed for the use of steamers in r8g6. There i one curious 
feat ure about this jetty, namely, that it does not ex ten. ·l out to 
low water mark. To bui ld a jetty on a coast, which stops hort 
of low water mark, eems, to one un accustomed to such con­
di tions, to be so mewhat in the nature of an experiment. The 
depths of water alongside this jet ty a re as follows :-

13 ft. at high water neap tides ; 
23 ft. at high water spring t ides, 
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the range of tide a t springs being about 28 ft. It wi ll be seen 
from thi s that a boat drawing rS ft. of water can only berth 
during about three clay and at fortnightl y intervals. As long 
a. this condition of thing. prevails it will be impo. sible for steam r 
to call at B roome oftener t han once a fo rtn ight . Thi practicall y 
fix es a fortni ghtly service for th whole coa t. The amount of 
tra le at present is such that a fo rtnightly service can about cope 
with it , but great inconveni nee, exp nse, and delays ar oc­
casion d to people travelling on businses, owing to such a long 
intr rval. No doubt , as trade increases, an extension of this jetty 
will be mad , to give r ft. high water neaps along ide, thereby 
en uring that a teamer can berth during some period of twenty­
four hours. Even und er the e condition . the steamer will be 
rrsting on the bottom of the . ea luring a considerabl portion 
of h r . tay along ide the jetty, a condition of things that is not 
a t ::~ 11 desirable from th . team ship companies' point of view. 
Aft r attainin g r 8 ft. at high water ncaps, no doubt a furth er 
exten. ion ·will be in time· ca rrie I out, to give r 8 ft. at low water 
springs, a depth that wil l 1 e nece ary if it is to be en urecl t l1 a t 
the st am rs will always b floatina. 

DERBY. 
RAN GE OF TIDE : .'prings 36ft. , N aps 20 ft. 
The history of Derby is as follows :- In th arly eightie 

squatters from the Roebourne district in earch of more land 
proceeded nortl1 and landed at Roe buck Bay (now Broom e) . 
After the land near the coast had been selected, the remaining 
members pushed on inl and and to k up land at various place 
along t he F itzroy River , wh ·re there is excellent soi l and p r­
manent pool of water. It was f lt that a port n arer than 
Broome was desirable, and a chooner proce ded to inv stigat 
King Sou n l, whilst anoth er party made an exploration on the 
landward ide. About this time a party had been sent from 
Perth on a mall t eamer, with the obj ect of founding a township 
in this vicini ty. The landward party discovered at the spot 
where Derby now stand a prominent point running out into th 
marshe , and a landing wa: accorcl in ly made there and the town 
r. tabli shed. The present jetty was constructed in r gor, and th 
depth. along ide are as fo.llows :-

r8 ft. at high water neap , 
34 ft. at high water spring . 

An interesting phenom non at Derby is the extreme range 
of tides, 36 ft. It is, I believe, with the exception of the Bay of 
Fundy, the highest tide in the world. The jetty here, similarly 
to Broome, does not extend out to low water. Steamer come up 
to the jetty at high water and tie up, and are then left high and 
dry when the tide goes out. At Broome there is deep water close 
to the jetty within a mile, wh re a teamer may li e at anchor and 
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be afloat at low water. This convenience does not exist at 
Derby . hould a steamer approaching the jetty di cover that 
there is no vacant berth she must t urn and team away for 
fifteen miles before a po ition is reached where she may safely 
anchor. The jetty and approach embankm nt are over a mile 
long. There is a 3 ft. 6 in. gauge tramway worked by horses 
connecting the jetty with the township. A large export trad 
is done from this port in cattle. As thes beasts come in from 
cattle st a ti ons remote from se ttlement the_v are exceedingly wild 
and difficult to handle. The problem of penning, yarding and 
loading cargo of this nature is a most difficult one. The cattle 
are driven between wide wings into forcinr.r yards, thence along 
a narrow race on the j tty through a hinged gangway on board 
the ship. The de ign of a uitabl gangway took careful con-
ideration , owing to provi ion having to be made for a univer al 

joint where it wa · connected to the jetty. 
F uTURE EXTEN TON. - Thi jetty does not lend it. elf to furt her 

ext n ion. houl d future requirements show a n cessity for 
increased lepth the only possibility of doing so would be to move 
th port north to Point Torment. 

In conclusion, I shoulcl . like to thank you for the patient 
hearing you have giv n this paper. Though only a small portion 
of our coa t line has been traversed, the number of ports dealt 
with is too many to enable them t o be exhau tively t reated in a 
single evening, and I have been co mpelled to leave out much 
interesting matter which I would otherwi e have been pleased to 
have included. 
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SUPERHEATED STEAM I 1 LOCOMOTIVES. 

(By E. A. EVANS) 

I venture to say that at the present t ime there is no feature 
in the working of locomotives offerincr greater advantages than 
the superheating of st am. Compounding in its many forms is 
gradually being superseded by this system in all parts of the 
world. In Great Britain and the Continents of Europe and 
America a very large proportion of all the locomotives now being 
bui lt for their own use are provided with one of the several forms 
of superheat ing steam . Some of the tates of \ustralia are also 
taki ng advantage of the economy and effici ency to be gain d by 
its use, and in this State we have had it in use fo r nearly two 
years. The superh at ing of steam in stationary and marine 
boi lers has been practised for many years and with pronounced 
success and freedom from troubles. In these cases, however, the 
superheat ha been confined to much lower temperatures than is 
now accomplished on the locomotive. The former have contented 
themselves with a maximum of about IS0° above the temperature 
clue to the pressure of saturated team . In locomotive practice 
2S0° to 300° is aimed at and is readily attained and without 
insuperable difficulties either in the boiler or the cylinders. In 
stationary engine under these conditions an economy of ro to 
IS per cent. in coal consumption is obtained, while in locomotives 
a saving of IS to 20 p r cent. is a figure that is well within the 
mark. On trials here, spread over four (4) days ' running, an 
conomy of 3S per cent. coal ancl 38 per cent. water wa averaged. 

It is, however, not sugg steel that such figures could b maintained 
for a lengthy period. In the case quoted the encrines were new 
and everything working under most favorable conditions. 

The first superheated ngines to work in this tate were of 
the -t-8-o type, with 3 ft. 6 in. diameter wheels and cylincl rs of 
I9 in. diameter and 23 inch stroke; fitt cl with Walschaert valve 
gear op rating piston valves with outside adm ission. The 
superheater is of the Schmiclt type, consisting of eighteen uper­
hea ter flues arranged in the upper part of the tube plates, in three 
rows of six flues each. Each flue contains two return tube 
elements, or four tubes in all. The chart, figure I, will best 
describe to the members the general arrangement of the 
superheater of the type used in the engine under discussion. Two 
engin s of this class are in service and commenced work in Nov­
ember, I9I2 . They were part of an order for tw lve engines 
made by the North British Locomotive Company of Glasgow in 
I9I2. The ten saturated team engines are sim ilar in all respects, 
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but are without the superheater and have cylinders 17 in. dia meter 
and 23 in. stroke. All wheels, rods and motions are interchange­
able over the tw lve engines . Time did not permit of the 
redes igning of the valve gear for the superheaters so as to arrange 
for inside steam admi ssion , and in that respect these engine!: a re 
admittedly inferior to wha t could have been obtained under 
other circumstances . 

The grea t improvement in th lubricat ing properti es of the 
oils now available and the better methods of applying them have 
largely . olved the problem of working high superheated steam 
on a locomoti ve. On t hese railways we use exclusively a mech­
anical forced feed . The pump, whi ch is double acting, is operated 
by a system of levers from a convenient part of the motion . 
E ight pumps are enclosed in a rectangular tank and ar.J consta ntly 
flooded with oil. The stroke of the pump is regulated and a 
further means of controlling the quantity of oil delivered is 
provided at the delivery valve. On the steam ches t at the poi nts 
of deli very of the oil , r flu x valves a r provided to obviate the 
possibi li ty of the oil lJcing forced back on the pump , thereby 
stopping lu brication or perhaps floodin the pump chamber with 
water. These reflux valves are of t he utm ost importance, and 
a perfect seat must b kept for the valve or lubrication will 
become very defi cient ; all conductor pipes mu t be k pt full 
of oil and it is very necessary that d rivers sec to t hi s fact before 
moving their engine from th shed, as cutting of valve chambers 
and rings is readiJ y accomplished with highl y sup rheated team , 
if lub ri cat ion is wanting. vVh en it is r mem berc l t hat th pump 
only makes about four strokes per mile on an ngine wit h a 4 ft. 
wheel, it will be readily understood that a very co nsiderable 
distance would be run before even the pipes would be fill ed and 
befo re the oil could reach the moving parts . An engine here, just 
out of shops, with new valve liners and rings, was rendere I 
practically unworkable through the driver's omission to see that 
his pump was operating and that the oil was being delivered at 
the proper point. This damage was done in the fi rst ten mil es 
run , in all probability, and the blow through was so excessive 
t hat the engine could not haul th load, and had to be returned 
to shops for valve l iners to be bored out and new valve and 
rings fitted. 

The oil must be of a high fl ash va lue, preferably as high as 
6oo° F., but certainly not less than 525° F, if effici ency is to be 
attained. It is a heavy body, a nd in cold weather requires to be 
heated by steam in the pump chamber to permit of an even fl ow. 
It should not readil y carbonise, but rather volatilize in the steam . 

uch an oil is ol tainable either as a pure mineral or a blend, and 
is about the same cost as the valve oi ls used on saturated steam 
locomotives. The last contracts ar for saturated steam 2s. 8d., 
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and fo r superheated steam zs. gd. per gallon. In both types 
of engines the valves and cylinders a re given about r 4 pints of 
oi l per roo ~11il es. 

The ight pumps deliver oil to the following points : at both 
ends of the valve chamber, a t both ends of the cylinders, at the 
piston rod gland, a nd at the tail rod bush. 

The gland packings an l their efficiency are largely dependent 
on the lubrication a nd especially so on the valve spindle on such 
an engine as this with outside admission. lVIetallic packing is 
generally used, consisting of a mixture of So per cent. lead and 
zo per cent. a ntimony. This has worked well in the pi ton rocl 
gland, but was not sat isfactory in the val vc spindle, and the 
metallic packing rings were removed and r placed with pure 
asbestos, which has given no trouble. 

The boiler for the supcrh ate l engine is of sim ila r dimensions 
to the saturated en ines of the same class. On hundred and six 
(ro6) !J-in . brass fire tubes in the upper part of the tube plate 
arc being abandoned a nd replaced by eighteen copper tubes 
of sl;-in. diameter containing the superheat er elements. In this 
State the economy of boil er repairs will, in my opini on, be qual 
to the savings effected by the reduced consumption of fu el and 
water. The saturated engines a re les igned for a working pressure 
of 175 lbs. per sq. in. The superheat ed engines work at r 6o lbs., 
and the cylinder diameter is r g in. , against 17 in. in the saturated 
carry ing the higher boiler pressure. The superheat engines 
perform their duties in an ·asy manner and, notwithstanding the 
increa eel cylinder diameter , th ere is a lways amplest am. There­
fo r , the boiler not b ing forced as the saturated type arc, the 
boiler repairs are very low. The greatly reduce l coal and water 
consumption warrants this conclusion, in addition to our ex·· 
peri ence in maintenance for nearly two years . 

A feature of considerable importance, and one not anticipated, 
is the comfort with which drivers pass through the wan View 
tunnel, using superheat steam . Although t his tunnel is only 
ome -j.OO yards long, it is by no means pleasant for the driver 

of a saturated steam eng ine. Engines work fu ll out on the down 
journey, the exhaust steam strikes the roo£ of the t unnel and 
immediately flils the cab. The same happens to the superheated , 
but the dry steam of the latter greatly relieves the conditi ons; in 
addition the engine is not working so hard. 

No troubles have been experi enced in the smoke box headers 
or the superheater elements. The s!-in. tubes containing the 
element are usually of steel. On account of the bad quali ties 
of our water we were obliged to substitute copper tubes, and o 
far they have given satisfaction. These Schmidt superheating 
appliances a re of the type providing a set of louvred plate in the 
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smokebox automatically operated by the regulator, so that when 
the regulator is closed the louvres are shut, thereby blocking off 
the superheater tubes from any draught and so preventing the 
possible burning of the superheater elements . These louvres are 
adjustable by the driver so as to regulate the amount of superheat . 
Owing to the temperature reached in the smoke box, these louvres 
are not easily kept in working order, and there are now at work 
several arrangements to get over this disadvantage. The Robin­
son superheater, largely u ed in England, and which in man::. 
respects resembles Schmidt 's, substitutes for the louvred damper 
a series of li ve steam jets iri the smoke box, which prevents the 
hot gases passing through the superheater t ubes when the regul ator 
is closed, the st am jets driving the hot gases back to the fi rebox . 

Schmidt's have recently put on the market a bye-pass and 
steam circulating valve. This is des igned to supersede the 
dampers in the smoke box and so render inspection more easy. 
The scheme provided fo r a small quant ity of live steam direct 
from the boiler to ci rcula te through the superheater elements, 
thus preventing their being burned, and thence by way of the 
valve chest to the cylinders and then exhausted to atmosphere. 
Both ends of the cylinders are placed in communication with 
each other by means of an ext rnal connection, which latter is 
provided with an intermediate valve, which is automatically 
closed when the regulator is open. This system appeals st rongly 
to me for several reasons. It reduces the amount of gear in 
the smoke box, which is difficult to maintain ; th is further 
enabl es the superheater flu es to be efficiently cleaned from the 
smoke box end ; but the greatest benefit to be deri ved is by 
maintaining the temperature of the cylinders, and at the same 
time the steam admi tted would be sufficient to efficiently distribute 
the lubrication to both valves and pistons. The small amount of 
steam apparently wasted in this operation would be justified by 
the results and more particularly as regards lubrication. Thi s 
system is working well in New South Wales, while on one large 
railway in E ngland it is reported not to have reached expectations. 

In some places no dampers are used, nor ar any other 
means provided for retardiJ1g the furnace gases from traversing 
the large flues. In such cases it is probable that they are not 
superheating up to 650° F . If they did the superheating elements 
would undoubtedly suffer near the firebox end and would soon 
burn out. 

Any means of reducing the amount of gear in the smoke box 
is of considerable importance . It is found almost impossible to 
take ofi any nuts or remove pins without destroying them , and 
particularly where they are closely attached to the parts containing 
the superheated steam. We have improved these conrli t ions 
by a free use of graphite and oil when erecting the parts. 
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The steam headers in the smoke box are of cast steel and 
are standing well up to their work. Some engineers a re now 
using cast iron and they say wi t h equally good results. Thi s 
practice is open to grave doubts. Many serious accidents have 
occurred in cas t iron fittings , such as valve bodies, when used 
with superheated steam. 

The question as to the economy in superb ating no doubt 
depends on the amount of superheat. The real ef-ficiency is 
gained by the reduction or eliminati on of cylinder condensation. 
\Ve aim at a temperature of 650° F . or a superheat of 287° F., 
the t emperature of saturated steam being 363° F. at r 6o lbs. 
pressure. On tests spread over a period we maintained an 
average of 220° F superheat , using Newcastle coal with a 
calorific value of about 13,500 B.T. U. These t empera tures 
cannot , however, be so well maintained with Collie coal with a 
calorific value of about ro ,ooo B.T. U., the tempera tures recorded 
in the fire box of a locomot ive using Newcastle coal being 1,290° C. 
and that of Colli e being r,II0° C. vVhen a fire is put on of 
Newcastle coal there is only a small appreciable drop in the 
temperature, and that only for a very limited p<:;riod . With 
Colli coal, the fi r box temperature drops to 500° C., a loss of 
6oo0

, and an appreciable t im e elaps s befor the maximum 
temperature is regained . As Iewcastle coal only contains -1- per 
cent. of moisture and ollie up to 24 per cent., this is la rgely 
explained. The temperatures were taken with a " Fery " radia­
tion pyrometer focussed through an air space in the fi rehole 
door and when the engine was standing. It was not possible to 
obtain results with th · engin st aming as there was too muc h 
vibration. vVhen steaming t he temperatures were high r. 

On a t est of a class " Fs " engine, superheat ed, using in one 
case all Newcastl e coal of a calorific value of 13,500 B.T. U., and 
in the other Collie coal of about ro,ooo B.T. U., in the fi rst case 
73 lbs. of Newcastle coal were u. eel per square foot grate area 
per hour, whereas it took 92 lbs. of Collie. The Newcastle kept 
an average superheat t emperature of 666° F., while the 26 per 
cent. greater consumption of Collie only ma inta ined an average 
of 631 o F. This is a goo l performance for Colli e coal, and is 
no doubt due to the sup rhea ting. Fig. 2. 

At the general meeting of the Inst itute of Locomotive 
Engineers , London, in J anuary 1914, the Pres ident, .l\1r. A. ]. 
Hill , Loco . upt. of the Great Eastern Railway, read a valuabl e 
paper showing the ever increasing costs of railway operation, and 
particularly in the mechanical branch. He, however, found one 
ray of hope and that wa superheating. I nter alia, he stated :-

" \1\lith the goods engine I have been able to get more definite 
information as to the actual load drawn, as well as the miles run, 
and I find that , comparing some results obta ined in r 8gr 
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with 1913, the consumption of coal per roo tons load per roo 
mil es run per square foot of fi rebox heat ing surface has increased 
from 9-7 lbs. to rr.4 lbs., or about 17 per cent. I have been able, 
also, to compare these r stilts with similar engines fitted with 

chmiclt's superheater, and th increased consumption mentioned 
above has entirely disappeared and instead we have a slight 
decrease . This should, in my opinion, aff et the life of the 
firebox." 

In attached appendices are given the tr ial results of four 
days ' run with a superb atecl class " Fs," and saturated steam, 
class " F," engines . The feature to which I would draw par­
ticular attention being the water and Newcastle coal consumption 
per ton mile. The superheated engine consume l .257 lb. of coal 
and 1.76 lb . water, whil e the saturated engine used .398 lb. coal 
and 2. 4 lbs. of water, showing a sav ing of 35 per c nt. of coal 
and 3 p r cent. water. The e results were obtained under good 
condition for superheating, ina much a the loading was fairly 
goo 1 and the work was clone over a gradient of I in so. Un 1er 
these circumstances th higher degre s of superb at are more 
readily maintained, the fuel b ing a fa ir quality of r wca. tl . 

In ad 1ition to the class " F " locomotive alrea ly referred 
to, we have even " Garratt " type engines fitted with super­
heaters of th chmiclt type, and in a ll respect similar to th e 
" Fs " class. 

The e engines, how ver, wer cle-igne l for the use of super ­
heated. t eam, and th eir valve a re a rrange l for internal aclmi sion . 
In co ns qucnc there is no clifficu l ty with the valv team packing , 
as was at nrst exp ri ne cl with those having cxt rnal adm ission. 

Th s ngines arc cl ignated cl a s " Ms." The test that 
have been mal on them confirm th effici enci es gained. In 
th is case ther was a saving in coal of 1.32 per cent. and water 
19.3 per cent. by the superheated engi ne over the saturated team 
machi n ; an 1 in addition th e engin s perform their work with 
greater ease in all respects. The saturated steam engine lo t r8 
to 35 minutes ea h clay through stoppages for steam, and coul d 
only with the gr atest difficu lty hau l her load ov r th banks, 
and water tanks ha l to b refill cl on the run. Having seven of 
thes ngin worki ng superheat and . ix working aturated st am, 
class ' ' l\1, " we have cl ' term in cl that there a r no di . advantage. 
Introdu eel with the form er, which would tend to balance the 
c ·onomie of oal and water. onsidering hat the use of. uper­
hcated steam is a new feature he::-e, and of wh ·ch our enginem n 
had no previous experienc , it is evident that th sy tem may be 
introduced with confidence els where. Th clas · " VIs " 
engi ne· have been in serv ice since S ptember, 1913. Th class 
" M " engines wer placed on traffic in March, 1912. 
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The Midland Railway Co mpany of \ iVestern Australia hav 
a number of engines equipped with a smoke box superheater. 

The sy tem consists of a double nes t of tubes, one at ach 
side o£ the smoke box, which intercepts the hot gases in their 
passage from the boil r tube. towards the chimney. It i · cla im ed 
for th is scheme tha t none of the h ating surface i.; tak n from 
the boiler as in the Schmidt superheater, and that a ll the ad­
vantages are gained exclusively from the gases that would other­
wise be wasted. Vile have, however, proved to our sati faction 
that bo il ers fitt d with Schmidt 's appliances a re free stea mers 
a nd t hat although the heating surface in t he tubes .is interfered 
with it does not affect the effici ency of the boiler as a steam rais r. 
The smoke box superheater has, however, many disadvantages 
which makes it particul arly unsuitable for use on the 'tate 
Railways where Coiii coal is used to such a large extent. Our 
smok boxes are frequ nt ly half fi lled with ashe ; th es a hes 
are occa. iona lly red-hot , and would t hen prol ably burn out the 
superheater , and , if they were not, at normal heat would so 
reduc the a rea xposed to t he gases a . to make the superh ater 
non-effective. A recent t est on one of the company 's ngines 
showed that the uperheat of the steam never exc eded ro6° F. 
and would only average about 50° F . over a run of 95 mile . . 

Figure No. 3 gives a chart showing the rate of fi ring, 
revolutions per minute, and the steam temperatures attained. 
This chart is of some interest, as it shows how responsive the 
superh eat is to the work being don represented by either the 
speed or the heavy fir ing when working up the grades. The 
temp ra tur · recorded were tak n in the team eh ·t. Newcastle 
coal was used and should give results indicat ive of the best that 
could be attai ned with this type of gear. The average steam 
pres ure was r68 lbs . per square inch, and average superheat 
50° F . \ iVith the Government " Ms " engine, with aP average 
steam pressur of r6o l b<> ., we carrv aP average superheat of 
276° c. 

This char t also show what must take place in tlte superheater 
tubes as regard xpansion a nd contraction . The~e small tube., 
are rigidly lleld at the top and bottom of the smoke box, therefore 
the continu al expansion and contraction which takes place puts 
excesisve work on t hese tubes, and such a bending process must 
limit their life . The corresponding tube in the chmidt a re free 
to move at their one end under expansion or contraction, and to 
which no resistance is offered. 

It seems to me that with this superheater the steaming 
effic iency of the boiler must be reduc d owing to the restrict ion 
of the smoke-box a rea and the retardation of the flow of the 
gases. If this is overcome by increasing the bl ast , the engine 
must suffer from the back pressure caused thereby. 
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Figure o. 4, taken from Ma"ter Mechanics Proceedings 
of u . . A ., very clearly poi nts out tb e relative in.effici ncy of low 
superh at. This must be taken as ap}>roximate only. The 
results were obtained by Professor Goss on his t est locomotive 
at the Purdue n.iv rsity . It shows that by increasin th e super­
heat from 50° to 200° the steam consumption falls abo 1t 20 per 
cent. As the greater superheat is not reached with a gr a ter 
coal consumption but by a better method of heating th steam, 
the argum ent for high sup rhcat is very greatly str ngthened, if 
not finally letermiued . 

In onclusion, I would refer to Figure No. 5, which is 
also Professor Gos ' conclusions. It is of particular interest as 
howing the economy gained by the higher pressures when using 

satura ted steam, but il also demonstrates tha t such high pr ssures 
arc not necessary wh n. high supcrh at i employed. The maxi­
mum ffi cien.cy with th latter is r ached at about 175 11 s. per 
square inch, and is nea rl y equal at r6o lbs. per squar inch, and 
al1 locomotiv men will recognise how ssen.t ial it is to work at 
the lower figure and by so doing k ep away from boiler r pairs 
and 1 ater troubles. 

A th cost of ad ling a superheater when making a new boiler 
is not more than £JOO , there is a very large margin between the 
annual savings in coal and water and any possible repairs to the 
superheater. 

A class " Fs " superheated engine running 20 ,ooo mil es per 
annum and hauling an average load of 300 tons behind the ngine 
would save in coal a total of 377·7 tons which , at 2 -J.S. p r ton 
for Newcastle coal , equals £453, an I the water av cl at 2s. 6d. 
per thousand gall on r pr sents £ r , or a tota l saving of £53-J.. 
Th se figures r present the saving on or near the coast, but in th 
interior , wh r cost of haulag f the coal has to be add cl and 
where we pay two to thr e times as much for water, the sav ings 
would show very handsome results. 

I am indebted to th Deputy Commissioner of Railways for 
pcrmis ion to plac this data bcfor the Institution, also to Mr. 
' teacl, gen. ral manager of the Midland Railway ompany of \V .A-, 
for his consent to obtain results of the working of the smok 
box sup rhcater on his railways. 

The following appendices a r attached :-
r. Test results of class " Fs" superheated steam. 
2. Test results of cla s " F " saturated steam. 
3· Particulars of " Fs " and " F " engines. 
+ Test results of " l\f " engine, superheat. 
5· Test re ults of " M " engine, saturated. 
6. Particulars of " Ms " and " 1 " engi ne. 
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APP E DIX 3· 

PARTICULARS OF CLASSES " Fs" AND " F" LOCOS. 

Engine. 

Typ .. .. . . . ..... ... . . ...... . 
Tender ... . .. . . . .......... . . . 

Boiler. 

Type .. .. .. .. .. . .. . .. . .. . .. . . 
Grate area . . ................ . 

H eatt:ng nrface. 

F irebox .. .. ........ . . . . . ... . . 
Tubes .. . ..... . . . ....... . .. . . 
Superheat er ................. . 

" Fs " Super 
heated. 
4- -0 

E ight-wheel 

Belpaire 
r8.8 sq.ft . 

125 sq. ft. 
977 sq. ft. 
26r sq. ft. 

" F " ~atu­
urated. 
4-8-o 

E ight-wheel 

Belpaire 
r8.8 sq. ft . 

r26 sq. ft. 
r, 235 sq. ft. 

Total .. . .. . . .. ... 1,363 sq. ft. r,26r sq. ft. 
\~'o rking Pressure .. . .. . . .. . .. . . r6o lbs. per 175 lbs. per 

q. In. q. 111 . 

Cylinders. 

Number ................. . . .. . 
Diameter by ?troke .. .... ... .. . 
Dia meter of piston valve .. . . . . . 
Admission .. .. . . . .... . ...... . . 

~1 otion: 

Typ ... . . . . ..... . .......... . 
Outside Jap ...... . . . ..... . .. . . 
Inside Negative Lead ......... . 

Wheels: 
Coupled . Diameter on thread ... 
Bogie 
Tender , , 
\Veiaht in working order-

2 

r9" x 23" 
8" 

Out ide 

' '' alsch art r 
Nil. 

3' 6}" 
z' 6" 
2' 6" 

T. C. Q. 
On coupled wheels . . . . . . . . 42 14 o 

, engme . . . . . . . . . . . . . . . . 55 7 o 
engine and t nder . . . . 85 19 o 

W nter Capacity . . . . . . . . . . . . . . . . . . . 2,200 gall s. 

Fuel Capacity . . . . . . . . . . . . . . . . . . . . n o cwts. 

2 

17" X 23" 
8" 

Out ide 

Walscheart 
f' 

Nil . 

3' 6·r' 
2' 61' 

2' 6" 

T. Q. 

42 9 0 
54 2 0 
4 14 0 

2,2oo galls. 

no cwts. 

T1'active Powe1' . . . . . . . . . . . . . . . . . . . . 23.445 lbs. 20,530 lbs. 
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E . A. EVANS. 

APPE~DTX G. 

PARTICULARS OF CLASSES "Ms" AND "M" LOCOS. 

Type 

B01:le1' : 

Type 
Grat area . . . . .. . . .......... . 

H eat1:ng 1-trjace : 

" Ms " Super­
heated. 
2-6-6-2 

Belpaire 
22.6 sq. ft. 

Firebox . . . . . . . . . . . . . . . . . . . . . . I07 sq. ft. 
Tubes ..... . ................. 959·5 sq. ft. 
.'upcrheatc r ..... .. . ... ... . ... 245 .5 sq . ft. 

Total . . . . . . . . . . . . I,3I2 sq. ft. 
Working P ressu re ... . . . ........ I6o lbs. per 

Cylinder : 
Number .... ....... ... ..... . . . 
Diameter by st roke . . . ... .... . . 
Diameter of piston valve .. . . .. . 
Admission ........ .. . ....... . . 

.\I otion : 

Type .............. . ... . .... . 
Inside lap . .. . .... .. . . ... ... . . 
Outside Negative Lead ... . ... . 

Wheels: 

oupl d . Diameter ... ... .. . . . 
Bogie ...... .... . 
Weight in working order-

Coupled Leading ...... ... . 
, Trailing ......... . 

Bogie I:ead.ing .... .. ..... . 
, 1 rallmg ....... . ... . . 

Total weight ..... . 

Water Ca pacity 

Fu el Capacity ... . . .. .. . . . ....... . 

Tractt've Pore•er ........ . . . . . . . .. .. . 

sq . m. 

4 
I3i" x 20" 

6" 
Inside 

Walschaert 

T . 

27 
28 
6 
7 

69 

f' 
Nil. 

3' 3" 
2

1 6" 

c. 
8 
0 

I6 
IO 

I6 

Q. 
2 
3 
3 
I 

I 

2,ooo galls. 

6o cwts. 

2I,6o8 lbs 

"M" Satu­
rated. 

2-6-6-2 

Belpaire 
22.6 sq. ft. 

I07 q. ft. 
I ,233 sq . ft. 

I,340 sq. ft. 
175 lbs. per 

sq. in . 

4 
I2,\" x 20" 

- 6" 
Inside 

\Valschaert 
f' 

Nil. 

3' 3" 
2

1 6" 

T. C. Q. 

25 I3 I 
26 I..j. 0 

6 I9 3 
7 3 0 

66 IO 0 

2,000 galls. 

6o cwt . 

ZI ,030 lhs. 
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EVANS ON SUPRRHEATED STEAM . 
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